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as heat stable salts (HSSs). These salts cannot be regenerated under solvent regeneration conditions, thus 
they remain in the absorption solution. The accumulation of HSSs causes a reduction in effectiveness of 
the CO2 absorption process, but also it increases corrosion of machinery due to the corrosive nature of the 
salts [3]. Other problems such as foaming (forming a stable emulsion) and fouling also occurs. These 
difficulties weaken the reliability of amine-based treating plants [4]. Several techniques have been 
developed to remove HSSs from amine adsorption solutions. Some examples are atmospheric distillation, 
reversal of the degradation reaction with sodium hydroxide (NaOH), and electrodialysis. Another 
technique for removing HSSs is ion-exchange using resin beds. These synthetic polymers can reduce 
HSSs to a very low level, but they are not biodegradable or environmentally clean.  
An interesting material for using as a resin bed in ion-exchange is the biopolymer (BP), a material 
derived from non-toxic and low cost biological sources that can be chemically modified with quaternizing 
agents. Modified biopolymers are water soluble at all pH levels [5]. The modified biopolymers show 
outstanding properties for the adsorption of anions such as anionic dyes and hexavalent chromium (Cr 
(VI)) ion in oxyanion form. The protonated amino groups in the polymer interact with anions via the ion 
exchange mechanism [6, 7]. The aim of this work was to synthesize a crosslinked quaternized      
biopolymer, which potentially plays an important role as a strong basic anion exchange resin. Adsorption 
potential for the removal of HSSs, which include formic acid, acetic acid, propionic acid, butyric acid, 
glycolic acid, oxalic acid, succinic acid, sodium sulfate, sodium sulfite, and sodium thiosulfate from 
aqueous MEA solution in CO2 capture process was also evaluated. HSSs were divided into 4 groups 
which were carboxylate HSSs (formate, acetate, propionate, and butyrate), dicarboxylate HSSs (oxalate 
and succinate), -hydroxy HSSs (glycolate), and inorganic HSSs (thiosulfate, sulfite, and sulfate). 
 
Nomenclature 
 
b Langmuir constant (L/mg) 
Ce equilibrium concentration of the adsorbate (mg/L) 
Co initial concentration of the adsorbate (mg/L) 
KF Freundlich constant which represents the adsorption capacity [(mg/g)/(L/mg)] 
n Freundlich constant which represents the adsorption strength 
DQ  degree of quaternization  
qe amount of adsorbate adsorbed per unit mass of adsorbent (mg/g) 
qm a monolayer adsorption capacity (mg/g) 
V volume of solution (L, cm3) 
W weight of sample (g) 
2. Experimental 
2.1 Purification of Biopolymer  
The purchased biopolymer (90% purity) was treated with 50 %w/w NaOH solution for 1 h at 393 K in 
an autoclave, washed with deionized water until a neutral pH was reached and then dried overnight in a 
vacuum oven set at 353 K. Determination of purity of the purified biopolymer was done by the 
Nicolet/Nexus 670 FT-IR method following Miya et al [8]. The purity of 97% was obtained. 
2.2 Synthesis of Crosslinked Quaternized Biopolymer (CQBP-OH)  
Reactant B used as a quaternizing agent, was prepared by reacting reactant A with equivalent moles of 
15 %w/v NaOH of in a reaction flask. The mixture was stirred continuously at room temperature for 3 h. 
The titration method used by Goclik et al.[9] was employed to determine the active content of reactant B 
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for calculation of the conversion. The purified biopolymer of 3 g (17.9 mmol of amino group) was 
dispersed in 30 mL of distilled water at 353 K. Then a freshly prepared reactant B was added. The 
mixture was stirred continuously for 6 h, and then poured into 200 mL cold acetone while stirring. It was 
kept in a refrigerator at 281 K for 24 h. The acetone was decanted while the remaining gel-like product 
was dissolved in 100 mL methanol. The solution was precipitated in a mixture of 200 mL acetone and 50 
mL ethanol. The white precipitate of quaternized biopolymer was filtered and further purified in a soxhlet 
extractor with ethanol for 24 h. The quaternized biopolymer in chloride form (QBP-Cl) was dried for 24 h 
in an oven at 333 K. The quaternized BP was crosslinked using a method proposed by Spinelli et al. [7]. 
The effect of the crosslinking agent on the adsorption capacity of HSSs and quaternized BP stability was 
determined by varying the mole ratios of crosslinking agent to the remaining mole of amino site in QBP-
Cl between 3 and 10. Crosslinked quaternized biopolymer in chloride form (CQBP-Cl) was prepared by 
first suspending QBP-Cl in 200 mL ethanol. Crosslinking agent 25 %w/v with a concentration equivalent 
to 10 mole excess of the remaining of amino group in the QBP-Cl was subsequently added to the 
solution. The system was continuously stirred for 24 h at room temperature. The product was filtered and 
washed with water until the crosslinking agent and other impurities were removed, before being dried at 
323. K. The Cl ion in the CQBP-Cl structure was then exchanged with a hydroxide ion using 1.0 M 
NaOH solution. The next step taken was to add the NaOH solution containing equivalent concentration of 
4 mole excess of quaternary amino group of the CQBP-Cl. The mixture was shaken for 10 min and left 
for 20 min to allow theion exchange process to hydroxide form to complete. The treated product was 
separated by filtration. The filtrate solution was checked for the presence of Cl ions by titration with 0.01 
M AgNO3. The ion exchange step was repeated until noCl was detected in the filtered solution. The 
crosslinked quaternized biopolymer in hydroxide form (CQBP-OH) was then dried in the oven at 323 K. 
CQBP-OH was also determined for OH conversion using the same titration technique. 
 
 2.3 Characterization of Adsorbents 
 
FTIR spectra of purified biopolymer and QBP-Cl were recorded. The degree of quaternization (DQ) 
of QBP-Cl was determined according to the method proposed by Fan et al. [10]. The QBP-Cl sample was 
dialyzed in a graduated cylinder containing distilled water until no Cl ions were detected. Mohr’s Method 
was used to confirm the absence of Cl ions and to measure the hydroxide ion conversion percentage of 
the CQBP-OH in the OH conversion step. CQBP-OH of 0.0125 g was first dissolved in 0.1 M acetic acid 
solution and the amount of remaining chloride ions in the sample was titrated with 0.01 M AgNO3 
solution with K2CrO4 indicator. 
 
2.4 Adsorption of Heat Stable Salts (HSSs) in MEA Solution using CQBP-OH 
 
Concentrations of HSSs in MEA solution for adsorption were chosen to be equivalent to 3-30% of 
concentration of reactive sites. MEA solution spiked with single HSS, namely formate, butyrate, 
glycolate, oxalate, and sulfite, was prepared for individual adsorption. The effect of equilibrium times, 
which ranged from 0 to 360 min, and adsorption temperature, which ranged from 298 to 333 K, were also 
tested. For a typical run, a predetermined weight of CQBP-OH was mixed with 10 mL to 100 mL of 5 M 
MEA solution loaded with a predetermined concentration of HSSs. The mixture was swirled for a fixed 
time of 10 min and left at a controlled temperature. A 1.8 mL of sample was withdrawn from the 
adsorption system at predetermined time intervals. The capillary electrophoresis (CE) technique was used 
to determine the concentration of HSS/HSSs in all samples.  
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3. Results and discussion 
3.1 Synthesis and Characterization of Adsorbent (CQBP-OH)  
The reaction between reactant A and NaOH contributes to the production of epoxide (reactant B), 
which can subsequently react with primary amino groups of the purified biopolymer. Reactant B was 
synthesized from reactant A under an alkaline condition. The optimum time for this step was 3 h and the 
conversion of reactant B was 42.84 ± 1.42. QBP-Cl was synthesized via the reaction between the primary 
amino groups of the purified biopolymer and reactant B in a neutral condition with a nucleophilic 
substitution pathway to introduce the quaternary ammonium group of reactant B onto the polymer.  
The average yield was 104.43 ± 6.65%. The average DQ was 60.57 ± 0.39%. QBP-Cl was crosslinked 
with a crosslinking agent in the heterogeneous reaction. Adsorption capacities of CQBP-Cl adsorbent was 
21 % with the optimum mole ratio between the crosslinking agent to the remaining mole of amino site in 
QBP-Cl of 10. Finally, the Cl ions in CQBP-Cl were exchanged with hydroxyl ions. The conversion of 
87.70 % was obtained by Mohr titration and the reactive site of CQBP-OH was calculated to be 2.601 
mmol/g.   
  
3.2 Adsorption of HSSs in MEA Solution using CQBP-OH. 
     3.2.1 Effect of Contact Time                                
It is seen the initial stage, that the uptake of HSSs was fast and then became slower near equilibrium 
(Fig. 1). This observation could be ascribed to the numerous vacant surface sites that were initially 
available for adsorption; afterwards the remaining sites were more difficult to occupy due to repulsive 
forces between the solute molecules in the solid and bulk phases [13]. The removal of individual HSSs at 
equilibrium were in the order of sulfite (64.94%) > formate (57.68%) > oxalate (41.95%) > glycolate 
(25.39%) > butyrate (11.19%) (Fig. 2). 
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Fig. 1 Concentration profiles for adsorption of individual HSSs in 5 M MEA with CQBP-OH at 298 K and different times. 
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Fig. 2 Removal of individual HSSs in 5 M MEA with CQBP-OH at 298 K over time. 
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Fig. 3 Removal of individual HSSs in 5 M aqueous MEA with CQBP-OH at varying different temperatures for 360 min. 
4. Conclusion 
     The degree of quaternization of quaternized biopolymer in chloride form (QBP-Cl) was 60.57 ± 0.39%. 
Crosslinked quaternized biopolymer in hydroxide form (CQBP-OH) presented potential for applications 
in HSSs removal in amine absorption solution for CO2 capture process due to the strong basic nature of 
the quaternary ammonium active site. The equilibrium time for adsorption of HSSs was 240 min. The 
removal of individual HSSs study at their equilibrium time were in the order of sulfite (64.94%) > 
formate (57.68%) > oxalate (41.95%) > glycolate (25.39%) > butyrate (11.19%), while percent removals 
of mixed HSSs were in the order of formate (51.67%) > thiosulfate (45.26%) > acetate (33.94%) > 
glycolate (30.87%) > sulfite (29.32%) > oxalate (27.94%) > propionate (27.87%) > sulfate (25.32) > 
succinate (24.57%) > butyrate (11.57%). An increase in temperature increased HSSs removal efficiency, 
thus showing the endothermic nature of adsorption. This situation will be beneficial if adsorption can be 
applied to lean MEA stream without pre-cooling treatment. The adsorption equilibrium of formate cannot 
clearly tell which model really fit with the experimental data because more data points are needed. 
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